Abstract -Accurate knowledge of an organism's distribution is necessary for conserving species with small or isolated populations. A perceived rarity may only reflect inadequate sampling effort and suggest the need for more research. We used a recently developed method to evaluate the distribution of a rare fish species, the blackmouth shiner Notropis melanostomus Bortone 1989 (Cyprinidae), which occurs in disjunct populations in Mississippi and Florida. Until 1995, N. melanostomus had been collected from only three localities in Mississippi, but in 1995, eight new localities were discovered. We analyzed museum records of fish collections from Mississippi, Florida, and Alabama to compare sampling effort before and after 1995. Results supported our predictions that 1) pre-1995 data would indicate inadequate sampling effort in Mississippi, 2) additional post-1995 sampling improved confidence in the currently known Mississippi distribution, and 3) there has not been enough sampling to accurately represent the actual distribution of N. melanostomus in Florida and across its entire known range. This last prediction was confirmed with the recent (2003) discovery of the first N. melanostomus in Alabama.
Introduction
The blackmouth shiner, Notropis melanostomus Bortone 1989 (Fig. 1) , is considered to be imperiled globally because of its rarity (Litt et al. 2000) . Until 2003, this small fish species had only been collected from three separate eastern Gulf of Mexico drainages: Pascagoula River Drainage, MS; Blackwater River Drainage, FL; and Yellow River Drainage, FL (Fig. 2) . To better manage the conservation of N. melanostomus, it is essential to determine if this disjunct distribution reflects the actual range of the species or if it is an artifact of incomplete sampling effort. Many factors make sampling for N. melanostomus difficult. First, N. melanostomus is one of the smallest North American cyprinids, with adults rarely reaching 36 mm SL (O'Connell et al. 1998, Suttkus and Bailey 1990) . This small size can contribute to gear avoidance (e.g., escape through standard seine mesh size) and misidentification in the laboratory. Second, although N. melanostomus has been collected by standard seining methods, the most productive collecting method is to locate schools of the fish from a boat and then collect them with a finemesh dip net (Bortone 1993 , O'Connell et al. 1998 . Without using this approach, the probability of collecting N. melanostomus is significantly reduced. Third, the preferred habitats of N. melanostomus are in backwater areas (Florida habitats) or isolated lakes and ephemeral ponds (Mississippi habitats). These are not the typical habitats sampled by those fish biologists and ichthyologists interested in maximizing collection diversity or minimizing personal discomfort. Therefore, these areas may have not received adequate sampling attention by past collectors. Finally, a relatively short life span (no more than two years; Suttkus and Bailey 1990) and an affinity for ephemeral habitats make it difficult to consistently collect N. melanostomus at known historic localities over time. For example, many attempts to re-collect N. melanostomus at historic localities have been thwarted because the aquatic habitat no longer exists (e.g., loss of ephemeral pools; O'Connell et al. 1998) . If other undiscovered populations of N. melanostomus exist, the above factors are likely to have hindered their discovery.
As with other fishes, the known distribution of N. melanostomus is a product of compiled museum collection data from various sources. The resulting "dot map" of localities displays the most likely range of the species based on all verified available data. These constructed distributions have been used in various ways to better explain relationships between a species and its environment. For example, museum collection data have been used to determine which environmental variables, climates, and land cover best describe a species' habitat requirements (Anderson and Martínez-Meyer 2004; Edwards et al. 1996; Kadmon and Heller 1998; O'Hara and Poore 2000; Peterson 2001; Peterson and Cahoon 1999; Peterson et al. 2000 Peterson et al. , 2002a Peterson et al. , 2002b Scott et al. 1996) . Analyses of distribution maps have also been used to estimate rates of extinction (Burgman et al. 1995) , extirpation (Grogan and Boreman 1998, Lafferty et al. 1999) , recolonization (Lafferty et al. 1999) , and overall decline (Shaffer et al. 1998 , Tuberville et al. 2000 for various species. Unfortunately, under-sampling of species may bias these attempts to relate distributions to ecological data (Colwell and Coddington 1994 , Fagan and Kareiva 1997 , Heyer et al. 1999 , Nelson et al. 1990 , Prendergast et al. 1993 , Stockwell and Peterson 2002 . Therefore, it is essential to determine if enough collection data exist to correctly represent a species' distribution.
We used a spatial analysis method recently developed by Ponder et al. (2001) to test whether the current known distribution of N. melanostomus accurately represents the actual range of the species. Our goal was to determine if a lack of sampling effort could explain the perceived rarity of N. melanostomus. To do this, we used spatial analysis to quantify distances among collection localities for N. melanostomus and co-occurring species to determine the adequacy of background sampling effort for both groups. The analysis measures distances among N. melanostomus records, among co-occurring species' records, and between the two groups of records, with smaller distances indicating more adequate sampling effort. If spatial data suggest sufficient overall sampling effort, then we can safely assume N. melanostomus is truly rare. However, if there is evidence of significant sampling "gaps" in the data, then more research is needed to properly determine the actual distribution and status of N. melanostomus. Therefore, using this spatial analysis method, we tested the following predictions: (O'Connell et al. 1998) . We chose these particular species to meet a requirement of the original Ponder et al. (2001) study. Background species must be both associated with the target species (i.e., occur in the same habitat) and likely be collected by the same sampling methods used for the target species. Our own experience with field collections of N. melanostomus confirms the appropriateness of using these six species as a basis for valid pseudoabsence data. For example, as with most fish sampling for museum specimens, the goal of our sampling efforts always involved collecting a complete representative sample of all species present. Therefore, we can legitimately assume that these six background species are consistently associated with N. melanostomus in nature. We addressed a similar issue when we decided to use only records for G. holbrooki and not records for its relative the western mosquitofish, Gambusia affinis (Baird and Girard 1853), though both occur within the distribution of N. melanostomus. Both species occur in the western range of N. melanostomus (e.g., the Pascagoula Drainage, MS), but only G. holbrooki occurs in natural (i.e., non-introduced) populations in all three states where N. melanostomus occurs. By excluding G. affinis from the analyses, we avoided using a species that may not meet the requirements of a valid background species.
Both groups of data (N. melanostomus and the background group) represented collections from 16, 13, and 12 counties in Mississippi, Alabama, and Florida, respectively. Data were requested from the following museums: Mississippi Museum of Natural Science (MMNS, 203 records); Tulane University Museum of Natural History (TU, 5473 records); University of Alabama Ichthyological Collection (UAIC, 526); University of Florida Ichthyology Collection (UF, 1202 records); and University of Southern Mississippi Museum of Ichthyology (USM, 1439 records).
Additionally, FishGopher, an online database of ichthyological collections, was used to obtain data from Cornell University (CU, 28 records), University of Kansas Natural History Museum (KU, 27 records), and Harvard University (MCZ, 5 records). Also, data from a single collection of N. melanostomus were derived from the University of West Florida Fish Collection (UWF, Bortone 1993) .
To test our predictions about the adequacy of sampling effort at different times and geographical scales, we divided these collection data into four subsets that were spatially defined by: 1) the distribution of N. melanostomus in Mississippi prior to 1995, 2) the distribution of N. melanostomus in Mississippi after 1995, 3) the distribution of N. melanostomus in Florida, and 4) the entire distribution of N. melanostomus across all states.
By analyzing the two Mississippi subsets, we could determine changes in sampling effort over time and whether additional collection data improved confidence in the known distribution of N. melanostomus in that state. These were compared to the Florida distribution data and the data from the entire distribution of N. melanostomus to determine relative sampling effort among the different subsets. We considered any collection of N. melanostomus or one of the six associated fish species within the defined regions at a single locality as a "record." The Mississippi subsets prior to and after 1995 included 403 and 497 total records, respectively. The Florida subset included 330 total records, while the subset representing the entire known distribution of N. melanostomus had 1025 records. The statistics used to analyze and compare these four subsets of records were generated using Winny v. 1.0 (Kelly 1998), a spatial distribution analysis program (Ponder et al. 2001) .
For each subset, two types of statistics were calculated: "within-group statistics" and "between-group statistics" (Ponder et al. 2001) . "Withingroup statistics" were calculated separately for the N. melanostomus records and for the background records. These described the spatial distributions and relationships between records, and indicated the presence of outliers or clustering (Ponder et al. 2001) . For all N. melanostomus records, "within-group statistics" included: maximum and mean separation of each record from every other record, maximum and mean separation of each record from its nearest neighbor, area occupied by the records, density of the records, mean nearest-neighbor separation for a uniform distribution of the same number of records in the same-size area, ratio of the actual mean nearest-neighbor separation to that of a uniform distribution (i.e., actual/uniform), and number of records separated by more than the mean nearest-neighbor distance. Adequate sampling for N. melanostomus would be indicated by a smaller separation of records and a higher density of records. Conversely, larger distances and lower densities would indicate either that N. melanostomus is truly rare or that there is not enough confidence in its reported distribution. The actual/uniform value indicates whether N. melanostomus is uniformly distributed (value ≈ 100) or clustered (value < 100). If N. melanostomus is rare or inadequately sampled, the actual/uniform value will be large (value > 100). To test for the presence of outliers in N. melanostomus records, the number of records that are separated by a distance that is greater than the average nearest-neighbor distance can be examined. If this number is considerably less than half the total number of records, then outlying records exist within the group.
For each subset, the same "within-group statistics" were calculated for background records. All background records that fell within a 50-km buffer of N. melanostomus records in each of the four geographical subsets were included in these analyses. As in Ponder et al. (2001) , we concentrated on records from within a 50-km buffer of N. melanostomus records to standardize sampling, to address the opportunistic nature and localized scale of sampling, and to minimize the non-randomness of species' distributions. For both Mississippi and Florida data subsets, collection information from Alabama that occurred within the 50-km buffer was included in the analyses. For simplicity, the Mississippi subset refers to data from Mississippi and adjoining Alabama, and the Florida subset refers to data from Florida and adjoining Alabama.
"Between-group statistics" included mean between-group distance (and its standard deviation) and minimum between-group distance of each N. melanostomus locality from every record in its background group. These statistics describe the distribution of N. melanostomus records relative to those of its background group and provide the best indication of confidence in the adequacy of background sampling (Ponder et al. 2001) . Again, lower values for these statistics indicate more accurate distributions. To address our predictions, statistics from all four subsets were compared among each other and evaluated based on previously published methods (Ponder et al. 2001) . The accuracy of our statistical results was verified through ArcView GIS and the nearest features (nearfeat.avx) extension for ArcView 3.x, v. 3.7 (Jenness 2004) .
Results

Confidence in pre-1995 Mississippi sampling effort
The low density of N. melanostomus records (only three N. melanostomus records out of a total of 403 background records, with a density of 0.007 records/km 2 ) suggests that pre-1995 data are either insufficient to accurately describe the distribution of N. melanostomus within Mississippi or that the species is truly rare in the state (Table 1) . Also, the high ratio of actual to uniform nearest-record distance (221.77) is indicative of low sample size (Ponder et al. 2001) . Although the number of distances greater than the mean nearest-neighbor distance is considerably less than half the total number of records (i.e., one out of three records), this is not an accurate indication of outlying records, again due to low sample size. The similarity between the mean nearest-record distance (27.10 km) and the maximum nearest-record distance (29.55 km) better indicates a lack of outlying records.
Increased Mississippi sampling yielded increased confidence in distribution
Both within-group (Table 1) and between-group ( Table 2 ) statistics indicate that the 1995 survey resulted in increased confidence in the known distribution of N. melanostomus in Mississippi. Measures of separation (mean within-group and mean nearest-point distances) decreased markedly from pre-1995 to the current known distribution (Table 1) . For example, the mean within-group and mean nearest-point distances decreased by more than half (33.36 to 14.83 km and 27.10 to 5.99 km, respectively). Density of N. melanostomus records doubled (0.007 to 0.015 records/km 2 ) after the 1995 survey, again indicating an increased confidence in its distribution. The ratio of actual to uniform nearest-record distance value of 72.08 also reflects improvement in sampling and shows that the current known distribution in Mississippi is somewhat clustered (Table 1) . Within- group statistics for background records (mean within-group, maximum within-group, mean nearest-point, and maximum nearest-point distances) showed no change over time. Also, density of background records exhibited minimal change (0.023 to 0.029 records/km 2 ) from before to after 1995. The records remained clustered, with the ratio of actual to uniform nearest-record distance remaining close to zero in both time periods (27.78 prior to 1995, 25.55 after 1995) . For between-group statistics, the decrease in both mean between-group distances and the standard deviation of mean between-group distances from prior to 1995 to post-1995 suggests an improvement in distribution confidence ( Table 2 ). The overall improvement in current Mississippi distribution confidence is evident when the density of background data (a within-group statistic) is plotted against mean between-group separation (a between-group statistic; Fig. 3 ). In such a plot, confidence in distribution increases from the upper left to the lower right (i.e., increased density of background data and decreased separation between groups; Ponder et al. 2001 ).
Comparison of sampling effort confidence among subsets representing distributions in Mississippi, Florida, and the entire N. melanostomus distribution Both within-group and between-group statistics indicate that the current known distributions of N. melanostomus in Florida and across its entire known range do not accurately reflect the true distribution of this species. For within-group statistics, the lack of similarity between mean Confidence is determined by the density of background records (number of background records/km 2 ) and the mean distance between blackmouth shiner records and their associated background records (km). Error bars represent standard deviation. Within the diagram, lower confidence in distribution data is represented by distributions with lower densities of background records and higher mean distances between blackmouth shiner records and their associated background records.
nearest-point and maximum nearest-point values suggests the presence of outliers (Ponder et al. 2001) . For the known Florida distribution, the mean nearest-point distance was 13.12 km and the maximum nearest-point was 71.84 km (Table 1) . This trend was repeated for the entire known distribution, with the mean nearest-point being 8.51 km and the maximum nearestpoint being 71.84 km (Table 1) . For Florida, the high ratio of actual to uniform nearest-record distance (298.18) reflected the low sample size, while that for the entire known distribution (39.07) indicated a high degree of clustering (Table 1) . For between-group statistics, the high values for mean and standard deviation of between-group distance statistics (especially relative to Mississippi data) also suggest a lack of confidence in the known distribution ( Table 2 ). The plot of background density versus mean between-group separation shows that confidence in the Florida distribution and the entire species' distribution is markedly less than either of the Mississippi distributions (Fig. 3) . The relatively high standard deviation for between-group distances in the entire distribution (78.57) suggests that this subgroup is the least sufficient in describing the actual range of N. melanostomus (Fig. 3) .
Discussion
By evaluating museum collection data associated with N. melanostomus, we have determined that the current known distribution of this rare species is not adequate to confidently describe its actual range. One purpose of assigning conservation status to a rare species is to determine, through survey work, whether a species is uncommon due to actual rarity or because of incomplete sampling effort. Without an accurate assessment of a rare species' distribution, optimal conservation management cannot be achieved. For example, if resource managers erroneously assume that the current known distribution accurately reflects the range of N. melanostomus, other habitats containing undiscovered populations may be destroyed or compromised, further threatening the species. In using the approach developed by Ponder et al. (2001) , we have generated three valuable insights regarding the conservation of N. melanostomus: 1) a lack of sampling effort exists, 2) there are approaches that can be used to improve the confidence in the distribution (e.g., the 1995 Mississippi survey of O'Connell et al. 1998) , and 3) there is now a quantifiable way to assess the success of future survey work for this species. Indeed, the recent (2003) discovery of N. melanostomus in Alabama confirms that this approach was successful in predicting that unknown populations existed.
Even with this recent finding, the inadequacy of current locality data on N. melanostomus demonstrates that more survey work should be among the highest priorities for the conservation of this species. Along with other conservation methods, such as the development of a captive breeding program or the designation of critical habitat, it is critical to improve overall confidence in the known distribution of N. melanostomus through further sampling efforts. The Ponder et al. (2001) approach provides managers with a cost-effective way to decide whether more sampling is necessary for a species of concern. With access to relevant museum collections' data, appropriate conservation decisions can be made with minimum analysis. The insight generated from analyses of N. melanostomus gives a clear direction for future conservation initiatives in Mississippi, Florida, and Alabama.
Our results also suggest how future surveys should be conducted to maximize effectiveness. On both the local scale (within Mississippi, Florida, and now Alabama) and the entire scale of N. melanostomus distribution, population localities are mostly clustered and disjunct (Table 1 ). The improvement in distribution confidence gained through the 1995 survey in Mississippi (O'Connell et al. 1998 ) was achieved by concentrating sampling effort in the region circumscribed by the three historical localities; among the known sites, an attempt was made to "fill in the gaps." This approach gave surveyors a target area that provided the highest probability of finding undiscovered N. melanostomus populations and, therefore, minimized the need for sampling in areas less likely to contain the species. (In retrospect, it was the focusing of sampling among known sites that yielded the successful discovery of the new population in Alabama). We propose a similar method for future survey work in Florida, Alabama, and across the entire known range of N. melanostomus. In Florida, the logical area to survey is between the localities in the Blackwater River Drainage and the localities in the Yellow River Drainage (Fig. 1) . To "fill in the gaps" for the entire distribution, more survey work should be conducted in the region between the Mississippi and Florida localities in southern Alabama (Fig. 1) . Sampling efforts in these areas will maximize the chance of discovering new populations of N. melanostomus and minimize the costs compared to surveying larger, possibly less-feasible areas.
Finally, our results provide a standard by which the success of these proposed surveys can be measured. The improvement in distribution confidence for Mississippi generated by the 1995 survey (represented as a movement from the upper-left to the lower-right in Fig. 3 ) should be the goal of future sampling in Florida and Alabama. With the discovery of a new Alabama population, our hope is to use these new N. melanostomus and background sampling data to recalculate current confidence in the distribution. Although our results show that there is room for improvement with even the current known Mississippi distribution (Table 1) , the similarity in standard deviation around mean between-group distances between pre-and post-1995 data (Fig. 3) suggests that at this level of sampling, confidence in distribution has begun to level off. That is, more sampling will likely improve confidence, but with diminishing returns. It should be the goal of future research to improve confidence in the distribution of N. melanostomus in Florida, Alabama, and across its entire known range to the level represented for the current known Mississippi distribution. Once this is achieved, conservation efforts for this species can be reevaluated to address whether the rarity of N. melanostomus is based on its natural distribution or a lack of sampling effort.
